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THE DETERMINATION OF THE RATIOS u234;u238 
AND Th228 /Th232 AS LEACHED FROM 
STORM KING GRANITE 
HISTORICAL 
In nature there are three major decay series that involve naturally oc- 
curing uranium and thorium as parent nuclides ... Two of the three series; 
I 
U-238, Th-232 and U-235; are shown in figure L Of the three series two, 
U-238 and the Th-232 series, are examined in this study, This is because the · 
amount of U-235 in nature is very small relative to the amount of U-238 and 
Th-2320 
This study is concerned with the presence of U-238 and Th-232 and their 
uranium, thorium and radium daughter products in the silicic intrusive rock, 
Storm King Granite. Uranium and thorium have large ionic radii and high 
coordination numbers. For this reason they are concentrated in accessory 
minerals rather than in normal rock forming mtner als, (7) (Thurber) Since 
accessory minerals don't form until the temperature .. and pressure are low 
enough uranium and thorium are concentrated in crustal rocks. The ea .. th 
is generally more acidic in its crust. Correspondingly uranium and thorium 
are more concentrated in the more acidic rocks such as granite. (1) (Adams, 
Table I) Silver (5) has found the following distribution of uranium and thorium 
in grar rt _ rocks. "The primary distribution of the uranium and thorium 
series in granite rocks can be generalized in 'having three types of sites: 
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Table I 
Uranium and thorium in igneous rocks I 
Thorium Uranium 
Rock (ppm) (ppm) Th/U 
Silicic intrusive 1-25 1-6 2-6 
Silicic extrusive 9-25 2-7 4-7 
Basic intrusive 0.5-5 o. 3-2 3-4 
Basic extrusive 0.5-10 0.2-4 3-7 
Ultrabasic low 0.001-0.03 
Alkaline series 0.1-30 
Silicic pegmatite 1-2 1-4 0.4-1.5 
I Adams (1) 
~ ... ,,. ' 
......... ~ 
[1] minor accessory minerals in which the U+4 and Th +4 are structurally 
acceptable in concentrations higher than the average concentration of the 
total rock system; [ 2) dispersed low-level concentrations in major phases 
in the rock; and [3] an apparent localization on a microscopic to submicro- 
scopic scale along fractures and grain boundaries. In more than 100 igneous 
rocks of various types, site [ 1) is commonly the most important while [2J 
and [ 3] may be alternated in relative importance. We have found a definite 
correlation between the weathering of granites and the dispersal of their con- 
tained radioactivity along permeable fractions. The mechanisms of dispersal 
are, however, quite complex, and are not confined solely to the weathering 
processes." 
Storm King Granite is a rock of Precambrian age found in south eastern 
New York State near Bear Mountain. It can be placed in the following series 
of events in geologic history. There was sedimentation in the Grenville and 
Huronian time. There was then a period of metamorphism in the Grenville. 
A period of vulcanism occurred which resulted in a huge batholith under the 
Bear Mountain area. One of the protrusions of this batholith is believed to 
have r e sulted in the formation of Storm King Granite. Storm King Granite 
was formed either from melted sediments or intruded magma. Storm King 
Granite is 1000 million years old. After the formation of Storm King Granite 
there were two effects on the granite. 350 million years ago metamorphism 
associated with the Taconic Disturbance altered the rocks slightly. Since that 
time the only effect has been the possibility of disturbance by ground water and 
Weathering. (2) (Berkey) and (8) (Thurber) 
G. 
Uranium has two oxidation states in nature and thorium has one. Ura- 
nium in solution in nature exists in the state U+6 as complexes of uo;2• 
Some of the more important ones are the carbonate complexes uo2 (co3) 34 
and U02 (C03)2 (H20)z2 which exist between a pH of 6 and 90 Uranium exists 
in fresh water bodies and in the ocean in such complexes, The oxidation 
state of uranium in rocks is not known for sure but it is most probably +40 
Thorium exists in nature only as Th +4 in reeks, .. It forms few strong com- 
plexes and is easily precipitated in saline solution. Thus thorium is not very 
abundant in sea water but precipitates onto the continental shelves. (8) 
(Thurber) 
The two parent nuclei U-238 and Th-232 exist theoretically in secular 
equilibrium with their daughter products. That is, an activity ratio of a 
daughter product to its parent should be unity in a system allowed to come 
to equilibrium. Thus if undisturbed the activity ratios Tu228 /Th232 and 
u234 /u238 should be unity in the granite and in the water passing over the 
granite. Thurber (6) (7) has studied the activity ratio."u~34 /u238 as found 
in fresh and salt water bodies on the earth, He has also studied the ratio in 
marine carbonate deposrts, He has found the ratio to be quite different from 
unity, usually greater than one (8) (Thurber, Table II)~ Since the uranium 
and thorium in solution and sedimentary rocks have as a major source igneous 
rock basic research is needed on the extraction of uranium and thorium and 
their various activity ratios from an igneous rock. Thia study is an attempt 
Rock 
Granite 
Sandstone 
Monzanite 
Granodionite 
Alkali Basalt 
Paleozaic Sediments 
Limestone 
(8) (Thurber) 
'1' 
Table II 
U234;u238 . t fl . in wa er owing 
over the rock 
0.8-8 
1. 21 
1.14 
1. 32 
1. 76 
1. 98 
6.35 
to start a basic laboratory study on the ext+ action of uranium 1 thorium and 
radium from rock forming minerals. 
The radionucltdes U·2381 'fh-234, u .. 2341 'fll-230, R,a .. 226, Th-2321 
Ra-228, Th-228 and Ra-224 are of most interest, A discussion of some of 
these nuclides and their var ious activity ratios can be found in Thurber (7). 
The activity ratios of primary interest her e are u234/p238 and Th228 /Th232a 
Since U-234 is a daughter produ ct of ll-Z~8 we must under stand what happens 
between the decay of U-238 and the formation of U-2a4~ Chemtcal bond ener- 
gies are on Urn order of one to five ev, If a nuclea: parficle leaves the nu- 
cleus with an energy of more than a hundred Kev, ~ l{.tnetic energy Im- 
parted to the nucleus is in excess of the chemical energtes of the molecule 
tn which it is found (3) (Fr'iedlander), When a four Mav alpha particle leaves 
a U-238 nucleus, it not only strips the nucleus of many of its electrons, but 
it imparts a recoil energy of some 30 Kev The nucleus then loses this 
energy by breaking its bonds, and destroying the lattiµe around it by collt- 
sion with its neighboring atoms. The nucleon is now in a lattice defect of 
its own making, and its chemical character has change ~ Even the chemical 
char ar te-r of U-234 may be different from its parent it the process of decay 
has catalyzed the oxidation of the nuclide by str-ipping U of electrons. (7) 
(Thurber) Daughter nuclides of alpha emitting paren a are thus seen to be 
physically more available to weathering than the parent owing to their loca- 
tion in a defective lattice, especially if they are near the surface of the min- 
erals. They may be chemically more or less available, depending on the 
characteristics of the nuclide and the leaching solutions. A similar argument 
may be put forth for thorium except that oxidation of thorium could not take 
place since it has only one oxidation state. We may note however that the 
daughter Ra-228 is a substance easily soluble in aqueous solutions which 
could have its own effect on the Th228 /Th232 ratio, 
Thurber has proposed that a comparison of the Th228 /Th232 and the 
u234;u238 ra~ios as extracted from Storm King .. Granite could suggest what 
happens in the time lapse between the two components of the ratios. Three 
parameters are expected to be important in affecting these ratios. These 
three are recoil due to decay, oxidation state, and the chemistry of radium. 
Let us compare the two decay schemes involving the ratios. 
24.ld lm 
U-238 ~ Th-234 - ~ Pa-234 -~ U-234 
Ci. {3 {3 Ci. 
L Decay particles - 1 alpha, 2 betas 
2. Immobile intermediates - Le, thorium-234 is short lived. 
3. The oxidation state of uranium can change. 
6.7y 6h L9y 
Th-232 ~ Ra-228 -~ Ac-228 -""':!- Th-228 _.::::=,- 
a f3 i3 a 
L Decay particles - 1 alpha, 2 betas 
2. Mobile intermediates, i.e, radium is soluble in most aqueous 
solutions and has a half life of 6. 7 years. 
3. The oxidation state can not change for thorium. 
Here are the proposals set forth by Thurber (8). Thurber assumes that 
parent and daughters are undisturbed and in secular equilibrium in the rock. 
If the recoil is the important thing in making the daughters extractable the 
234; 238 . . 228 232 ' . . . U U should be simtlar to Th /Th o If a change in oxidation state 
. . 234 238 . 228 232 . rs important the U /U should be higher than Th /Th o If the dis- 
placement of radium by water in the crystal lattice is important the 
228 232 . . 234 "' 238 Th /Th r atio should be higher than U /U • 
Very little work has been done in leaching thorium and uranium from 
igneous rocks and measuring their isotope ratios. Thurber made one or two 
leaches on granite samples with sodium carbonate and hydrochloric acid and 
found a u234 /u238 ratio greater than one. (7) (Thurber) Therefore this 
study is intended to get a good start on leaching uranium and thorium from 
Storm King Granite and measuring their activity ratios, The variety of solu- 
tions and conditions of leaching are to be extended as far as possible in the 
time available for the study o Ratios will be measured at Union College and 
spiked samples will be sent to Lamont Geological Observatory of Columbia 
University for further measurement of the ratios, 
If. 
APPARATUS 
lo Beta Counter 
Anton type pancake Geiger counter with anticoincident ring and 
electronic circuiting constructed by the electronics shop of Lamont 
·Geological Observatory, 
2o Alpha Counter 
Tank type scintillation counter with Dumont 6912 Phototube coated 
with powdered ZnS phosphor, Baird Atomic Multiscaler II, Model 132, 
Timer Model 960Ro 
s. .Alpha Spectrometer 
Ortec 5BFF45-60 silion barrier detector, Ortec 101-201 preamp- 
amplifier system, RIDL 3416 400 channel analyzer. 
12 
SEPARATION TECHNIQUES 
The following scheme was used to separate radium, uranium and thorium. 
Rock 
Leach 
r--~S-o_l_u~~-o-n~~~- 
Spiked Unspiked 
' j_ 
NH4 OH 
to pH-7 +2 Ra and soluble 
metal ions 
v 
Fe(OH)3 
and coprecipitates 
cone. HCl 
Solution Adjusted 
to 8N in HCl 
Isopropyl 
Ether l 
Solution in 
8N HCI 
250 gms. 
The solution is split and one half is spiked 
with u232 in equilibrium with its daughter 
products. 
If Na2co3 is used as a leach the carbonate 
must be destroyed with HCl and iron must 
be added in order to precipitate Fe( OH) 3 
Extracts excess iron 
Continued 
0. lN HCl 
Anion Resin Column Dowex I-8 
100-200 mesh 17cc 
1. Wash with 8N HCl 
2. Pour through the solution 
6N HCl 
3. Wash with 8N NCl 
----------- 4. Wash with 0. lN HCl 
6 N n C 1 --._____,, 
> 
I 1r 
Solution containing thorium, 
silicon and aluminum 
Solution containing uranium, iron, copper, etc. 
Fe(OH)3 and 
Coprecipitates 
Add Iron, NH40H 
to pH-7 
Isopropyl ether 
to extract iron 
8N Solution 
Dry deposit 
j 
3N NaOH and heat 
. -- ---Waste -~ 
v 
Fe( OH)') Thorium 
0 Dry deposit 
Concentrated HN03 
Solution adjusted to 
6N in HN03 
Solution 
l 
Evaporate 
6N HN,o3 ... 
evaporate 
1-2 ml distilled 
water pH3-4 
l 
TTA 1-2Ml, 
shake centrifuge 
separate 
Continued 
Evapor ate 
*TTA qn a Plancet 
0. 75m 
Oxalic Acid 
t u , 
Cation column, Dowex 50-8 
100-200 mesh lOcc 
~/ 
1 Waste -~ Iron and others 
1. Wash with 6N HN03 
2. Pour through the sample 
3. Wash with 6~ HN03 
4. Wash with 50ml O. 75m oxalic acid 
Solution containing 
Thorium 
Add 5-10 ml of 60% HClO 4 
and evaporate at a high temperature 
Dry Deposit 
6N HN03 and evaporate 
Dry Deposit 
t 
1- 2 ml Solution 
0. 001 N HN03 pH 1-2 
1-2 ml 
I 
j 
Evaporate TTA on 
a plancet 
*TTA, shake, centrifuge, separate 
* TTA = 4, 4, 4-Trifluoro-1-(2-thienyl)-1, 3-butanedione 
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Data 
lµg u238 = 0. 74 dpm 
1µ g Th232 = O. 14 dpm 
Samples 
250 gm of Storm King Granite 
500 ml of Leach Solution 
Leach Solutions 
c = 0. 5N Na2co3 
cs = 0. 5N Na2co3 with spike added 
4A = 4C, 4CS, 5C, 5CS, 6C, 6CS, 7C, 7CS combined 
H = 2. ON HCl 
HS = 2. ON HCl with spike added 
s = 2. ON H2so4 
SS = 2. ON H2so 4 with spike added 
21 = A complete dissolving of a 20gm sample of Storm King Granite 
Spike 
The spike contains 2. 7 dpm/ml of u232 and its daughter 
products in secular equilibrium. 
Calculations 
Sample 12H & 12HS 
u234 
o. 86 ± • 03 
u23s 
= 
Th228 
0. 97 ± • 01 
Th232 
= 
Th228 
1.06 ± .01 
Th232 
= 
taken from Graph 12HSU 
taken from Graph 12H Th 
taken from Graph 12HS Th 
Th230 
Th23~ 
0. 23 ± • 01 taken from Graph 12HS Th 
238 u 
u232 - 24 ± 3 taken from Graph 12HS U 
u238 dpm 
u23s 
dpm = Spike. x No. of ml. of spike x 232 ,<_ 2* u 
*Sample was split in two, a correction of two is necessary. 
dpm u238 = 2. 7 (2. 3) (24) (2) = 297 dpm 
u238 ppm 
dpm x 1 x 106 ppm = dpm Wt. of sample 
µg inµ g 
297 x 1 x 106 1. 6 ppm u238 ppm = = 0.74 2. 5 x 108 
IC/. 
Th232 
Th228 spike 
Th232 
= 
Th228 spike 
No. of Counts in Th232 spiked sample peak 
Th 228 ik Th 228 unspiked No. of Counts in sp e 
228 Th232 Th232 
Th spikedpeak X ~~~~~~~~~~~~ 
Th228 unspiked 
Th232 
9699 = 
10307 x 1. 06 - o. 97 
1. 06 
9699 = 
10307 x o. 09 
1. 06 
= 9699 875 = 11 
Th232 dpm 
Spike X No. 
Th232 
2 dpm = of ml of spike x 228 x Th spike 
dpm = 2.7 x 2. 3 x 11 x 2 
dpm = 138 
Th232 ppm 
dpm 1 x 106 ppm = x dpm Wt. of sample 
pg in µg 
138 1 x 106 ppm = 0. 14 x 2. 5 x 108 
ppm = 3.8 
:;LC. 
Th230 dpm 
230 Th dpm 232 Th230 = Th dpm X 
Th232 
Th230 dpm = 138 X 00 22 
Th230 dpm = 28 
Th/U 
Th Th ppm u = Uppm 
Th 3. 8 2. 4 u = = 1. 6 
Th230 
u238 
Th230 Th230 dpm 28 
= = 297 u238 u238 dpm 
Th230 
0.11 
u238 
= 
Error 
a% = V Counts in a peak Counts in a peak 
rs a% = -S- 
Area of Exposed 
Uranium & Thorium 
Area of Buried 
Uranium & Thorium 
"Z: I . 
SUMMARY AND DISCUSSION 
Model ~------- ------------.> 
Area of 
accessory 
minerals 
u234 
238 <l u 
Th228 
---.---- ..... 1 
Th232 
Th230 
238 < l u 
Area along 
grain boundaries 
and fractures 
Th228 " Th230 
232' = 1 238 = 1 
Th U 
u234 
::238 = 1 
u 
Th230 
..... 0.4 
Th232 
In Table II it is noted that the majority of water samples contain a 
u234 u234 
-238 greater than unity, If we take note of the 238 extracted by the various u u 
leaches it can be seen that they are less than unity, The total analysis shows 
u234 
a 
238 
less than unity, The assumption must be made that the granite is 
u 
deficient in u234o Secular equilibrium does not exist between the parent u238 
a 
and its daughters. 
The Th232 is assumed to be in secular equilibrium with its daughter be- 
cause of the short half life of Th 228 and the results of the acid leaches. 
The most outstanding result obtained was the Th228 /Th232 leached by 
carbonate solution, The unspiked samples showed a ratio from 2.4 to 3.4. 
)_1. 
Th228 was definitely leached in preference to Th232• This is further empha- 
. 230 232 . 230 232 sized by the Th /Th leached by the carbonate solution, The Th /Th 
leached by the carbonate solution is consistantly higher than that leached by 
the acid solution. It must be noted that the carbonate solution is a weak leach 
compared to the acid leaches, This may be noted in the columns headed 
Th232ctpm and Th232ppm in Table IIL The interpretation is thi s, The 
Th228/ Th232 is high because Th228 is leached in preference to Th232 by 
the weak leach Na2co3o This means that Th228 is more exposed than Th232• 
232 228 This may be due to one of two things. The decay of Th produces Ra 
which becomes Th228 in a defective lattice thus making it more available 
for leaching. Also the Ra228 formed could move out of its position due to 
ground water; On decaying to Th228 it is removed from its original sight 
and thus is more exposed to leaching. The over-all Th228 /Th232 of the 
whole rock is expected to be close to unity. 
The Th230 /Th232 in the over-all rock is 0.43. The carbonate leaches 
gave ThZ30 /Th232 ratios generally higher than 0.43. The acid leaches gave 
~, •, ' /. ', :.,M. 
results lower than OA3. In light of Silver's (5) statements the confusion 
may be settled by the use of a model, There are two general sights for 
uranium and thorium, exposed sights and buried sights. This is the inter- 
230 232 . . 230/ 232 pretation. The Th /Th in the exposed sights is - 0.23. The Th Th 
in the buried sights is ~ 0.4. The buried sight is a larger area. The carbonate, 
a weak leach, leaches from the exposed area but leaches Th230 in preference 
232 . 230 . 238 to Th smce Th rs a daughter product of U • The acids, a strong 
leach, leach the exposed area heavily, leaching a Th230 /Th232 ratio of - 0.23. 
The over-all Th230 /Th232 is a combination of both areas and since the buried 
sight is larger the ratio is closer to that of the buried sight. 
As was stated earlier there is an over-all deficiency of u234 in the 
Storm King Granite. Carbonate is a stronger leach for uranium than thorium 
, 
since uranium forms strong carbonate complexes, However, the acid leaches 
are stronger than the carbonate leaches as indicated by the columns headed 
238 238 ' . U dpm and U ppm in Table Ill. The uranium ratios are not nearly as 
revealing as the thorium ratios since the ratios don't vary as much from 
weak leaches to strong leaches, But if the model is followed the uranium 
ratio data may be explained. This is the interpretation. The u234 /u238 in 
the exposed sights is less than umty r- 0.85. The u234 /u238 in the buried 
sights is unity. The carbonate, a weak leach, leaches the exposed sights but 
taking u234 in preference to u238 a ratio greater than Oo85 is obtained. The 
acid leaches leach the exposed area more fully thus giving u234;u238 ~ 0.85. 
The over-all analysis gets both buried and exposed sights and thus gives 
u234 
u23s 
close to unity but less than unity. 
There is further evidence for believing that Storm King Granite is a 
heavily weathered rock. The Th230 /u238 ratios found in the leaches are 
less than unity. The Th230 /u238 ratio in the whole rock is closed to unity. 
This indicates that Th230 is deficient in the exposed sights of the rock which 
· t d · u234 · d f · · t · th d · h rs expec e smce is e icren in e expose sig ts of the rock. The 
error is very large in these measurements, Therefore these results must 
be viewed with reservation. 
The Th/U ratios, a weight ratio, have such a large amount of error that 
little can be said about their meaning. 
The Ra226 in dpm compared to the u238dpm also indicates heavy weather- , 
226 . 238 The Ra dpm is lower than that of the U ing, 
The time extent of leaching follow the amount of u238 leached from the 
rock. Note the time vs. u238dpm columns in Table ID. The longer the rock 
was leached the more u238 was removed. The Ra226 decreased in amount 
on extended leaching which is expected since Raco3 is an insoluble substance. 
In comparing the acid leaches of uranium and thorium it is noted that 
the uranium ratio u234 /u238 is generally lower than the thorium ratio 
Th228 /Th232• This is reasonable since u234 is more likely to be- deficient 
in the rock than Th228 ~ Th228 has a much shorter half life than does u234• 
The Th228/Th232 should remain closer to unity because of the short time 
for Th228 to grow into equilibrium with its parent Th232• 
The original assumptions were based on the assumption that u238 and 
Th232 would be in equilibrium with their daughter products. Since this was 
found not to be the case especially with uranium judgements must be made 
with this in mind. 
It is the opinion of the author that the major cause of high ratios by weak 
leaches is due primarily to the effect of alpha decay on the position of the 
daughter products in the crystal lattice, A model was set up to explain the 
data. Further work will be necessary to prove or disprove the validity of 
this model , The author suggests several prospects for future work, These 
included the following. The leach of Storm King Granite with very weak acid 
solutions. It is hoped that such leaches might show a preference for u234 
compared to u238 perhaps giving ratios greater than one, Weak carbonate 
solutions might also be tried. In order to test the validity of the model the 
different mineral parts of Storm King Granite might be separated and their 
uranium and thorium ratios measured. A nitric acid leach might be tried to 
see the effects of the nitrate ion and its possible oxidizing effects. More 
leaching might be done with weak HCl and H2so4 leach in order to study the 
effects of the anions Cl - and SO 4 =o Leaches with humic acid might also be 
attempted since its effect in nature may be of importance. 
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